ABSTRACT The seasonal occurrence and abundance of a newly introduced mosquito in the United States, Ochlerotatus (Finlaya) japonicus (Theobald), are reported for Westchester and Putnam Counties in southern New York State. Adult mosquitoes were sampled at 39 sites distributed throughout the two counties. CDC (Centers for Disease Control and Prevention) light traps (2,107 trap nights) and gravid traps (1,813 trap nights) were used to collect a total of 44,428 mosquitoes from May through October 2000. Oc. japonicus was found at 97.4% of sites sampled and accounted for 9.8% of all specimens collected. Oc. japonicus was recovered from 1.5% (n ϭ 326) of the light trap collections and 18.1% (n ϭ 4,026) of the gravid trap collections. Although gravid traps collected signiÞcantly more specimens than light traps, the seasonal activity patterns measured by each trap type were congruent. In all, 30 mosquito species were collected. Unlike other Ochlerotatus or Aedes species, Oc. japonicus was collected throughout the study, indicating a broad seasonal activity period. There was signiÞcant regional variation in Oc. japonicus abundance, with higher trap densities occurring in the northernmost trapping sites. This study demonstrates that Oc. japonicus is established in southern New York State.
Ochlerotatus (Finlaya) japonicus (THEOBALD), formerly Aedes (Finlaya) japonicus (Reinert 2000) , is a mosquito species that occurs throughout Japan, Korea, Taiwan, eastern China, and Russia (Tanaka et al. 1979) . It was Þrst collected in the United States in 1998, from the northeastern states of New York and New Jersey (Peyton et al. 1999) .
The species appears to be spreading geographically, with reports from as far west as the state of Washington (Washington State Department of Health, 2002) and counties throughout the Northeast, including a number in southern New York (White et al. 2001) , New Jersey (Scott et al. 2001a ), Connecticut (Andreadis et al. 2001a (Andreadis et al. , 2001b , and Maryland (Sardelis and Turell 2001) . Whether this geographic spread represents separate introductions or divergence from a single source is unclear, although genetic testing indicates that these populations represent at least two independent foci (Fonseca et al. 2001 ).
There is indirect evidence that Oc. japonicus may be involved in the transmission of West Nile virus. Oc. japonicus feeds on birds and mammals in the laboratory (Miyagi 1972) , as well as humans in the Þeld (Knight 1969 , Andreadis et al. 2001b , supporting its potential as a bridge vector. It has been shown to be a competent vector of West Nile virus in the laboratory (Sardelis and Turell 2001, Turell et al. 2001) , and pools of Oc. japonicus collected near reported human cases of West Nile encephalitis were positive for West Nile virus in 2000 (CDC 2000a , White et al. 2001 .
Because of its recent introduction, little is known about the prevalence of Oc. japonicus in the northeastern United States. Whereas collection summaries and virus testing results have been described (e.g., Andreadis et al. 2001b , White et al. 2001 Sampling was conducted at a total of 39 sites: 27 in Westchester County and 12 in Putnam County (Fig.  1) . Trapping sites included private residences, municipal and commercial facilities, and recreational parks. Sites were selected to provide adequate geographic coverage of the counties. Traps were placed in shaded areas in wooded and residential landscapes. Emphasis was also placed on selecting sites near locations of 1999 human West Nile virus cases, and where West Nile virus-positive birds were found early in 2000.
CDC Light Traps. CDC miniature light traps (John W. Hock Co., Gainesville, FL) were set from one to four nights per week, depending largely on weather conditions; trapping was postponed on nights when signiÞcant rain was forecast or if the temperature was predicted to be Ͻ10ЊC. CDC traps were suspended at a height of Ϸ1.5 m and were equipped with a photoelectric cell that began operating the trap at dusk. Traps were baited with dry ice to increase effectiveness (Newhouse et al. 1966 ) and were checked the following morning. Traps were recharged with dry ice, and collection containers were replaced as needed. All specimens were taken to the laboratory, sorted, counted, and identiÞed using keys and descriptions of Stojanovich (1961) , Means (1979 Means ( , 1987 , and Peyton et al. (1999) . Global Positioning System (GPS) coordinates were determined (Magellan GPS 2000 ϫ L, San Luis Obispo, CA) for each site so that sampling locations could be plotted.
Gravid Traps. CDC gravid traps (John W. Hock Co., Gainesville, FL), designed for the collection of Culex spp. (Reiter 1983) , were also used to collect adult mosquitoes at 38 of the 39 locations where light traps were placed. Traps were baited with a mixture of water and commercial rabbit food, which was left to ferment for several days before use (Lampman and Novak 1996) . Each gravid trap was placed on the ground at a distance of Ϸ10 m from the light trap. As for light traps, gravid traps were set from one to four nights per week. The bait solution was strained weekly to remove detritus, and fresh infusions were added as needed to restore the solution to the original volume. Traps were checked in the morning and processed as described above.
Sampling Period. Mosquito trapping was initiated in late May, with 29 (74.4%) of the sites fully operational in June. Traps at the remaining 10 sites were set during the course of the summer, largely in response to the Þnding of West Nile virus-positive birds. Trapping was conducted into October at 33 (84.6%) of the sites, resulting in a trapping period of 23 wk for light traps and 22 wk for gravid traps.
Regional Comparisons. Based on human population density and landscape features, including a previous analysis of land cover composition (Falco et al. 1993 , Dister et al. 1993 , Westchester County was divided into three regions consisting of urban (Region 1), urban/suburban (Region 2), and suburban (Region 3) habitats, moving from south to north (Fig. 1 ). Continuing this gradient, the more northern Putnam County was classiÞed as suburban/rural (Region 4). Thus, an urban-to-rural landscape gradient occurs from south to north in the lower Hudson Valley region of New York State (Medley et al. 1995 , McDonnell et al. 1997 . To examine Oc. japonicus densities along this gradient, the mean densities from each site were compared based on regional gravid trap collections during the July through September activity peak.
Statistical Analysis. Data sets were tested for normality using the ShapiroÐWilk normality test. Annual light trap density data (ShapiroÐWilk statistic ϭ 0.78, P Ͻ 0.05) and annual gravid trap density data (ShapiroÐWilk statistic ϭ 0.73, P Ͻ 0.05) grouped by site were not normally distributed and could not be normalized by transformation. However, regional light and gravid trap data were normalized by log transformation (ShapiroÐWilk statistic ϭ 0.94 and P Ͼ 0.05 in all cases), using the weekly mean density values calculated for each trap type during the 12-wk period from early July to mid-September. Light trap and gravid trap seasonal distribution data were normally distributed (ShapiroÐWilk statistics ϭ 0.95 and 0.94, respectively, P Ͼ 0.05 in both cases), allowing comparison of Oc. japonicus density by trap type over time.
To compare the numbers of mosquitoes caught in CDC light traps and gravid traps, KruskalÐWallis analysis of variance (ANOVA) was conducted on Oc. japonicus densities among sites. To examine the relationship between the seasonal distribution of Oc. japonicus collected from CDC light traps and gravid traps, Pearson product-moment correlation analysis was used on the normally distributed data. For regional comparison of gravid trap collections, data were examined by ANOVA and least signiÞcant difference (LSD) comparisons to determine the effect of site location on mosquito density. All tests were conducted with the Statistix software program (Analytical Software 2000).
Results

CDC Light Traps.
The mean number of trap-nights per site (ϮSE) was 54.0 (Ϯ2.82), ranging from a minimum of 20 trap nights to a maximum of 86. A total of 326 Oc. japonicus was collected over 2,107 trap-nights. This represented 1.5% of the 22,237 mosquitoes that were collected from CDC light traps during the study (Table 1) . Other Ochlerotatus species collected in light traps included Ochlerotatus trivittatus (Coquillett) (n ϭ 5,607), Ochlerotatus taeniorhynchus (Weidemann) (n ϭ 4,220), Ochlerotatus triseriatus (Say) (n ϭ 2,194), and Ochlerotatus canadensis (Theobold) (n ϭ 1,181). The most abundant Culex species was Culex pipiens (L.) (n ϭ 2,194), and the most abundant Aedes species collected was Aedes vexans (Meigen) (n ϭ 1,759). Total numbers of Oc. japonicus collected from these traps at individual sites ranged from 0 to 58 females, this species being collected at 32 (82.1%) of the 39 sites sampled. The mean number of female Oc. japonicus per trap night for all sites combined was 0.1 (Ϯ0.03) mosquitoes, with the means for individual sites ranging from 0 to 0.9 females.
Gravid Traps. The mean number of trap-nights per site (ϮSE) was 47.7 (Ϯ2.51), ranging from a minimum of 16 to a maximum of 68. A total of 4,026 Oc. japonicus was collected in gravid traps over 1,813 trap-nights. This number of specimens represented 18.1% of the 22,191 mosquitoes that were collected from gravid traps during the study (Table 1 ). The only other species collected more frequently in gravid traps than Oc. japonicus was Cx pipiens and Cx. pipiens/restuans (Theobold) (n ϭ 15,587 collectively). Oc. triseriatus was also relatively abundant (n ϭ 1,228). Total numbers of Oc. japonicus collected from gravid traps at individual sites ranged from 0 to 779, with this species collected from 37 (97.4%) of the 38 sites sampled. The mean number of female Oc. japonicus per trap-night for all sites combined was 2.1 (Ϯ0.42), with the means of individual sites ranging from 0 to 13.4 mosquitoes. Mean collection densities from gravid traps resulted in a 21-fold increase compared with CDC light traps. Kruskal-Wallis ANOVA testing indicated that gravid traps collected signiÞcantly more mosquitoes (F ϭ 58.1, df ϭ 1, 75, P Ͻ 0.01) than did CDC light traps.
Seasonal Activity. Oc. japonicus were active throughout the sampling period, from May through October, for CDC light traps ( Fig. 2A ) and gravid traps (Fig. 2B) . Host-seeking and gravid females were collected during each sampling week with most activity occurring from early July through mid-September. During this period, which encompassed 12 sampling weeks, 62.8% of all light trap specimens and 77.9% of all specimens from gravid traps were collected. The highest weekly mean densities were 0.3 (Ϯ0.09) females per trap-night in early July for CDC light traps and 3.5 (Ϯ1.09) females per trap-night in mid-August for gravid traps. Correlation analysis comparing Oc. japonicus seasonal activity from CDC light and gravid traps resulted in a signiÞcant positive correlation (r ϭ 0.63; n ϭ 22; P Ͻ 0.01), suggesting that both methods can be used to track Oc. japonicus seasonal activity despite the signiÞcantly greater numbers of mosquitoes collected from the gravid traps.
Regional Comparisons. Densities of Oc. japonicus increased from southern to northern sites (Table 2) . Although there was no signiÞcant difference among mean densities when all four regions were considered (F ϭ 2.54; df ϭ 3,29; P Ͼ 0.05), there was a signiÞcant difference when the southern-most region, Region 1, and the northern-most region, Region 4, were compared (F ϭ 5.49, df ϭ 1,15, P Ͻ 0.05). The LSD test of means revealed two homogenous groups, with Region 1 differing from both Region 3 and Region 4. These data suggest that there is a south to north cline of increasing Oc. japonicus density in the lower Hudson Valley of New York.
Discussion
Oc. japonicus is well established in the lower Hudson Valley region of New York, being found in 38 of 39 sites distributed throughout Westchester and Putnam Counties. Because of the absence of mosquito surveillance programs in this region during the 1990s, there are no archived specimens to help determine the historical presence or absence of Oc. japonicus before these collections. Nor are there published reports of this species being detected in the lower Hudson Valley before 2000; the earliest New York Þnding occurred in 1998 in eastern Long Island (Peyton 1999) , Ϸ113 km from our nearest study site. However, recent studies in Connecticut, which borders Westchester and Putnam to the west, suggest that this mosquito was introduced into that state between 1992 and 1998 (Andreadis et al. 2001b) .
In comparison to other species collected, Oc. japonicus ranked twelfth in abundance among those species found in light traps and second among those species collected from gravid traps (Table 1) . It was less commonly collected in light traps than another container-inhabiting species, Oc. triseriatus (326 and 2,194 specimens collected, respectively), but it was the most common Ochlerotatus or Aedes species collected from gravid traps with 4,026 specimens (Table  1) .
The overall number of adult Oc. japonicus collected in this study relative to other species was higher than in a previous study conducted in Connecticut, where most of the trap sites were in the southwestern part of the state, bordering our study area (Andreadis et al. 2001b) . These authors reported Oc. japonicus to constitute 0.05% of light and gravid trap collections in 1999 and 0.5% of collections in 2000. In our study, Oc. japonicus accounted for 1.5% of the specimens collected in CDC light traps, 18.1% of gravid trap collections, and 9.6% of all specimens combined. Because sampling regimens were different, with Andreadis et al. (2001b) setting and collecting traps at 10-d intervals compared with our sampling as much as four times per week, it is difÞcult to know whether Oc. japonicus contributes more to the overall mosquito population in southern New York state than in Connecticut.
CDC light traps and gravid traps were shown to be useful for collecting Oc. japonicus; the gravid traps collected signiÞcantly more females. Our data conÞrm results of previous studies regarding the usefulness of gravid traps for collecting Oc. japonicus (Andreadis et al. 2001a , 2001b , Scott et al. 2001b , White et al. 2001 ). However, unlike Scott et al. (2001b) , who found CDC light trap collections to be extremely poor indicators of Oc. japonicus abundance, we found that light traps could be used to monitor Oc. japonicus occurrence and relative abundance. Andreadis et al. (2001b) also concluded that CDC light traps were effective in detecting Oc japonicus. However, they reported collecting more specimens per trap night from light traps than from gravid traps (2.5 and 1.3 females per trap-night, respectively, from traps positive for Oc. japonicus) and also reported collecting Oc. japonicus from only 50% of trap sites using CDC light and gravid traps. Reasons for these differences remain unclear but may involve factors such as habitat characteristics at trap sites, differences in oviposition substrate used in gravid traps (sod grass infusion used by Andreadis et al. (2001b) versus rabbit chow in the current study), and the focal nature of recently established populations.
The fact that we collected Oc. japonicus from 82.1% of light traps and 97.3% of gravid traps suggests that gravid trap collections may initially be a more sensitive indicator of Oc. japonicus presence than are collections from the more commonly used CDC light traps. These results may have important implications for surveillance in regions beyond the current range of Oc. japonicus. Although gravid traps collected significantly more Oc. japonicus, there was a positive correlation between seasonal activity as measured by light and gravid traps. These Þndings suggest that both traps may be used to monitor seasonal activity of Oc. japonicus over a large area, at a trapping density of approximately one trap site per 44 km 2 as used in this study. However, because mosquitoes collected from gravid traps are more likely to have taken a blood meal, the chances of those mosquitoes being infected with a mosquito-borne pathogen are generally increased. For example, studies have shown that female Oc. japonicus collected from gravid traps have a higher rate of infection with West Nile virus than those collected by light traps (White et al. 2001) . Thus, gravid traps would appear to be the trap of choice in collecting Oc. japonicus for arbovirus surveillance studies.
The seasonal activity period of Oc. japonicus in southern New York State as measured by the CDC light and gravid traps was wide, extending from May through October 2000. This was the only Ochlerotatus or Aedes species collected during the Þrst and last sampling weeks, and only Cx. pipiens/restuans exhibited as long a seasonal activity period. Although the variation in weekly mean densities was high, Oc. japonicus exhibited activity peaks in early July, early August, and mid-to-late September. How the seasonal patterns may change from year to year, and what factors inßuence seasonal changes in abundance are presently unknown. The increase in Oc. japonicus densities from south to north in the study area suggests the existence of a clinal gradient that reßects an association between this species and one or more features of woodland habitat that characterize the region. Such features may include the types and availability of oviposition sites and larval production habitat and/or local abiotic differences among the regions. Longitudinal studies of the phenology and habitat preferences of this newly introduced species should be conducted. 1993 , Medley et al. 1995 , McDonnell et al. 1997 .
